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10<^y-;^- KU^f ^-ra^t;!, ^m^^t\^X(DGaN 

(DG a Nil 2 3±{;iT>^ K— :7'(?:>A 1 G a Nil 2 
^$n-Cl^6o A 1 Ga N;i2 4{C^jgL-C. n^Ga 
NS2 6/5^G a Ng2 3±{:i?f^^$tLXl>5o G a Nil 
2 3 ^ A 1 G a Nil 2 4 (^--7^ n S-a-^Sifi^f i- 2 if^ 
7t;m^;«f:^;65^^Lri>>5o nMG a NII2 6_b{C7^— 
5:y^g§toUX. ;^y~ KmM2 7;ii'^?f^;*$n. AIG 
a Ng2 4_b{::v'3 :y h^— jgttLT. ry~Kffl;t§B2 
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1 

or. 

VJ^Tx MtEE;6^3 0 0 VJ[^±OG a N^i^a :y h 20 

jl±twji^^ ^ nfc n ^(^m 3 oiii- vis^>fb«^^«»ii 

-i^mi.xmf^^tifzLT y - i^^mmt. mmms(Diu- 
^^mm^tm^mt^m±\^:^-^^yi^mm\.xM^^thfc 

im^m 7 ] Mis^ 2 (Dili- vi^^fb^^^flsg t tfr 
(Dry- vmMtmmui-^mm\im^mvfmt<Dm\:L 
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(75 G a N^^S^^fio 

Iif5i<3i 9 ] HfjfEiii-v^^ii:^^^f*:;i(75^-^ y r 

2 X 1 0^' cm-'i^Tr^^. IS*«8iS«c(D 
G a N^^^frJ^So 

[ff>R3f 1 0] BufsMi ory- Kmi^^tf]fsiii-v 
fl. 0. 8 e vj:9<g;< . ^fEI|2cr>Ty- KmSi^tmr 

/^yrfi. 0. 8 e VJ: tJfSVV li*^8fE«t(7)G a N 

mmtmum2(Dr y-vm^t(om\^. mmu-vm 

[It*^ 1 2 1 mjfEIII-v^^'fbi^^#f^g(Daa5<7) 

liJ®^mrfEll2(^)Ty- KSt^<t(oPHi{c. r^-K-^^co 
iii-vmmit^^mwmm^ji^^thx\^^^. m^ms^ 

:KT'^*9. MfaiII-V;^^{bi^^Sf*:Jit-^-^ 
G a N^^^ft:^m, 

. 1 4 1 mmii-yrmm\:.m^mwm t mu^ 
hmm^<Dm^^ui-^mm.itm^mw^mf)mf^^tix\^^ 

5. m^mi 3IEm(50Ga N^^»f*:i^go 

mi^^ 1 5 ] tuiEStefi. mmj^<DmwLx^ ^ . m 
(DGaN^.^mi^mmo 

[m^mis] m^:^^ y'f^i^^m=^\±. GaN^m 

-<OStS±{;i«5B|^tt-Cl/^'5. ffi*:«5fE«(7)Ga 

1 9] HtrfSG a N^.m#^^ h ^^v^^^S: 

fESt5±tc?FM$tifcr >- K-:7^(7)^i (?:)lll-v;^^>fl:: 
^^3S«s:ji^, mrfE^l(7)III-V^^^h:^^#«s:|iJi(- 

mf&^fitz.. mum i (T^^m-vi^^^bJ^^^g^ji j; 19 
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3 

[If 3ft3S 2 0 1 HrriBH 2 (Dlll-v^^{t;i^if^^»fls:ji ^ 

[ft *3i 2 1 ] m^^m^mcDS^'X}^[HiK^^^-r 

1 VJ^JIT. 3 0 0 VJ^±(DG a N;^m#^:^ 

Bo 

[t«3i^3l 2 2 ] ttriaG a N^m#^:^ h ^ >^v^X^ 

[»3j^^2 3] mmui-vmmtm^mt^m(o^-r V 

rm&n. 2 X 1 0^' cm-'J^TT'^e. If5l^^2 2|S 

mmim^mi^mmm^rix\^'^^. m^^2 2f^m(D 

G a N^^^f*:y^m, 40 

mtm^mi^mmm^rix\^^^. m^m2 2mm<7yG 
mm^(Dm\^mi-vmmit^^mf$^m^mf^^tix\^^ 

*i(i> 5 nmJl^±T-l 0 jumi^TT-fe^> It5ft^2 2fS 50 
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Xn=^>'^<-"^\B]^Xh^. W*^ 5 X 2 lis® (7:)G 
[0 0 0 1 1 

[0 0 0 2] 

tl^^ 9 F E T (Field Ef fectTransistor ; M^^J)^ h 
7^)*^m^^tl. ^^y— MOSFET (MetalO 
xide Semiconductor PET) ^5j£:< fSffl $ tl.-S J: 9 tC^^f o 
fco ^l/Mi. ^ h^>^>^;^^^MOSFET<Jr 

^^S-a Ufc I GBT (Insulated Gate BipolarTransist 
or ;mm^-^m(7:>^<^^-y hyl^i^:^-^) 

[00 0 3] tZ^X. r<Dj:^/^>'^!7— MOSFET 

ztr^'j^^mxh^o m^itmh—^^^jis i^^mosf 

[0 0 0 4] 

:*rf^(7)Vz:-t,±7j)S f9 1 . 2 — 1. svgSd 

"T-t i.x:t>mj£<7)m^MosFET^nm'rhm^ 
[0 0 0 5] m-h. ^mm^<r>Mm^m< . :ti^m&f)^ 

iviosFET/5^^s^^nf:i«9 Lx. mt)^^mm<^^m 
mi'f^i^M-r^zt^^-x^-r. mmmmri^tco * 

fc. MOSFETCOiJ£;r>'mffi®!3it/6^X#^c^<?'c^oX. 
[0 0 0 6] G a N^F E Tf^s iffi/5'^f^< . K 
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5 

[0 0 0 7] 10 

i^m^(D^mm'T-t\^X. CaN^^i^B y h^-y^:^ 

[0 0 0 8] ^fc. :2|s:^pJ^c^^l^rfi. mt!^t^mm(o 

m<i:-r^GaN?F>^^*^g/5^S#t$tL5c ^/b. 
mfi*^lV&sT. lffi?553 0 0 VJeJL±cOG a N^FET-e 
[0 0 0 9] 

{mi(Dmmmm) ^mmmmi-^. mi (a) \z^^^ti 

y'^l^^mi'tL^X^ ^>!7 — FET 1 0 ^ffll^. C<D^^ 
!7 — FET 1 0(Df^fi^T-<^ Ur. GaN^i/3:yh^ 
-y-r:?^- K2 0^ffii/^fct><^)X*>^o Jrf*:6^(cfl. y< 
y — FET 1 OOy — • Kt^-r :/rBl{-. GaN^iXa 
2/ V^-^-<^- K2 0;65^ji^^ttTl^-5o 
[0 0 10] r :iT% />!7— FET 1 Ofi. Si ^MO 
SFETX$>oXt>J:V>U. GaN^MISFET (Me 40 
tal Insulator Semiconductor FET) XCiG a N^ME 
SFET (Metal Semiconductor FET) XfeoXt>i: 
\^\ ^tc. G a N^.v-a :y h^-i$^-r:r— K2 Ofi. HI 

1 (b) {c^^i^5J:5^;l«M^^1tit^/cfLX^/^6o W 

G a N/^>y:7rii2 2^^LX. iii-v:^^^i:J^^ 

mt^mx^^ry I'-z^^G a Nm 2 3 ^mf$.^ti. z 

(OG a Nji2 3±{C. G a N@2 3 J: t) t^^V K^^-Y?^ 
1 G a Ng2 4;6^Jf^^$nXl^6o G a Nil 2 3 50 
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tA\GaNm2 4tCO^'r^1[^^m^i^mLX. 
G a N® 2 6;6'^G a Nil 2 3_h{C?fM^ttXl^^o U 
Xx G a 2 3 ^ A 1 G a NJl 2 4 <h <^-^7" n^^® 
5fif3?{-(l. 2»C7c;m^;^^?5^5^^bXV^5o *:^c. nM 
G a Nli2 6±iw;^-^ :y>>^^LX. ;^y-Kmffi2 
TTi'^ff^^^nXl^'So ^fc. A 1 Ga N^2 4±{w>^3 

b^-mmLx. ry-h^mm2smm^tixi^ 

[0 0 1 1 ]»:{;!. 1 (b) (DG a N^v^H :y h^- 
i/^f;^- K2 OODMit;^fefeO-^{COl.>X. !^2 (a) 

- (d) ^mi^xmrn-r^o ifeT. i?-:7r-rr£ffi2 i 

(Molecular Beam Epitaxy ; ^^-/^^ t'-^ =^ v'ir/^J^Jc 

[0012] Ep-^x J®*4;tr><. t LX^JE 6 . 65X10 
"'Pa(DGa ]) ^ J>^) t 9 i^:^ /Ht\^tl^& 4 , 0 
Xl0''PaC?5N (M^) ^m\^\ GaNy<y:7rM2 

1, 3 3 X 1 0*' P a <7)G a ^^i-iie . 65X10"*P 
atiONHa (rv-^ — r) T>K— >^<?5GaN 

® 2 3^;?$ 3 0 0 0 nm{:i;7jc:&^ii:5o 
X. '^ij;t*^5>i±6. 6 5 X 1 0-' P a COG a <i:5>iE2. 
6 6 X 1 0 ' P a (DA 1 ^:9-/E6, 6 5 X 1 0 ' P a 
NH3 r :7'(7)A 1 G a NH 2 4 ^i?^ 3 

0 nm^C^S^i^:5, r 9 UX. GaN^23<hAlG 

a 2 4 ^ (D^'T um^mm^^-r^m i o^rsi^s:^ 

Jf^^-r^ (1112 (a) #BS) , 

[0 0 13] /^*D\ ^oi^f0^S(7:)(ri^(^. :^^y 

~-;^MB Ei£(7)f-tt>«9 iC, MOCVD (Metal Organic 
Chemical Vapor Deposition ; ^m^Mit^^^f^^) 

(Dm 1 (D^mi^^mM^f&mmm^^h-K'^ ^ w Lfc 

^> Mxl^lT'^X-y'C VD (Chemical Vapor Deposit io 

n ;it^^^^f&S:) i^a^ffll^X. A 1 G a NS 2 4 

±1::. s i Ozm^nm-r^. cos iozsicoi-t 

SIN, M-^A 1 NM^Jl^^sKLX^ J:v\ 
X. m:^if£BHF%:m\^^tc^=^iy h:y^^y'f'>'i^^Xi-±C 
F, ^ffll^fc K^^::^:y^:/^7ilcJ: 19. SiO^BI^il 
P^6^iC^:y^>^>/|^^LX. FfS<50Jf^t^(?)S i02^>^ 

[0 0 14] ^1/>X. ^ij;tf^7« ^>^;^;^^ffll^fcEC 
R (Electron Cyclotron Resonance ; M^^^ ^ a h JPt 
V^Ri) >^^X-v':n5,^v>/feXfiR 1 BE (Reactive 

lonBeam Etching ; ^iSti^ t^^—i^^ :y ^>'^) 
{:1J:«9. Si Ot^^^ — >'2 5^-7;^^ i: LX. A 1 G 
a Nil 2 4 &r>'G a Nil 2 3 (D—U^m^^mi^m^^ y 

^ly^m^-r^o c^Lx. G aNm2 3mm%:mm^ 

^tim2a:>^mi^^Mf&ir^ (E] 2 (b) #0S) , 

[001 5] i$fe(/^X% r(7)^2(Dq3FBl^^Mt/^*i^^ 
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t m^ti-f^JEe. 6 5 X 1 0*' P a a t^JE 
6. 6 5 X 1 0' P a (DNH3 t^i-iE 1 . 33X10*' 
P a CO K— h <i: LT(OS i JS:ffll>rx 5X10*'c 

m" ' ms<ommmc s i ^mM LtcnmG a e 

^m-r^Ga Njl2 3±(cil5^6^{::^S^ii:6o c 
9 Ur . A 1 G a Ng 2 4 fCgSg^-T 6 n ^G a 2 6 
^G a Nil 2 3±{Cil^^S^-li:;tm3<^4'rBm^ff^^ 
(1112 (c) ^ 
[0 0 16] ^1>X\ C(Om3(Dtt^rBW^^*^^:^i^ 
g^^^^f^mL/c^. S i 02^^'^->'2 

^^i^fi^m^^l/>Xil«6^{:i^!y^:^^I^^LT. nUG 

a Nil 2 e>^m\^^^^^'^^ ^ h4^-/i-^r^p-reo 

J:!9. Ta S i:5:r5Au$rJi(I{;i^«-r5o ^ 9 LT. n 
IIG a N;i2 6{C;r-^ ^y^m^-r^T a S i/Au^ 

^^^|^5&b. A 1 Ga Nji2 4t:^fctl^-1i:'5=i>'-^^ h 
-t^o - 9 LX. A 1 G a NH 2 4 \^'^ b y V 

-r^T i /ws i /AuQji«3t«^ry — KSf^2 8^ 

mi^-r^ {m2 (d) #08) « roj;9^c^-iS(^xs^ 

^-C. mi (b) tr^-TG a N^v-a h=3e~-^^;^-- 
K2 O^f'^iS-re. 

[0 0 18] m^lii. *^0>^#f3;&5JifB(oa!i5t;^fetcti^ 

.oTlDl (b) (C7j^i~J: 3 ;^^G a N^v-H h^-i?^-r 

K(Dl^i±fi6 0 0 V^Sxfc. ^fc. :?^^^}S^n^i2 
4mQcm' J^Tt^l^^ ^9 > Illi;^fa3m/Efi 0 . 3 Vf^-i57!)> 

p>^£*>±;55oyho ^j^c. m«fl»:^l 0 0 A^x^-rr 

[0 0 19] mi (a) . (b) {:i^Vrc^^ y 

^^y^m^t LXCO-'N-y-FET 1 oi^xy^^(Di^mM^ 

t LXtOG a N^v'H K2 O^ffil^^c 

m;^^1*[5I3g^*i-6ffi:^^^t&i^g{::oi>xtJ^BJ-t-6o 

^ife[H]SS<h LX*I^J;iiSffl^tt6^ -37 0^X11:=' 
x#ffl^^(Hi8S«;*^^6o ■^rx\ cr:x(i. ms^m 

III4 (a) - (d) ^^V^X=I>'^<~^(H]SS^W-r 

[0 0 2 0] msi^Tjk^ti^xo^c. mtfrn^^nso 

fi. /ilft^S OHzXfie OHz. Hffi 1 0 0 V(^35?5E 



5 ) 2003-229566 

8 

?5tc(:igi^-r5M?5ElHlK3 2 r(7)Mffi[H]3S 3 2 7!)^^c^) 
\Em^mi^m lk~24kHz (D^m^^^T^ D C - 
AC^ ^[ElSgS 3 <h^^L. «r.(DDC- AC-r > 

^<-^lHlSS3 3?5»^^(r)^^Jfc;()5>glSMJwtt?^^tt6o 
X. CCODC-AC-f :/^<-'^lEl5g3 3 ^^^-r5^-f 
y^>iS^m^t\^X. /^!7-FET 1 0;6^fflV^btt. 
<^f^SS*^^UX> G a N^ >3 5/ h^-y-r K2 

or^m\^^htx^x^^^o 

[0021] 1114 (a)'-'(d) [Z^^th^X S 
10 (a) BucklHlK mJ£M) . (b) 

Boost [Hiss (#EEff^) . (c)Boost-Buc 

k [Hi^ i^^mm) . ( d ) c u k [p]gs (#i^EEjF^) ^ 

^tl^'tt^i'^th^DC-DC=^:y/<—^\B\^S 4 a~3 
4d^^UXV>-5o -^eUX. ^DC-DC=i ^0 
S§34a'-34d ^mf^-t^y^^ y^l^^^M^t UX. 
^^°^7-F ET 1 0^>ffi^/^bt^.s ^(Of^^^^^LX. G 
a N^'>3 ^/ V^—^^ K2 0765^V^p3n.Xl/^5o 
[0 0 2 2] J^JiO J: 5 (C7^^»^^Xfl. mtj^^^^ 

20 XJiDC-DC:3 ^[H]SS3 4 a 3 4 dtCioft^ 

/>!7-FET10 iy^>^^^=-) L 

XG a N^v-H >;/ H^-^-r K2 0;?|5ffll/>f>tts C 
(7)G a N^i/H K2 0 (7);<J->'fl;EE;6^ 

O- 3 V^SXfe6w^7!)>^. x^r; — F ET 1 0(i4^/£ 

< ^ 1 VJ^T^^te;d->'m/±lJ^t;a^^:g{;l■^|g^:l/^ 5. 

[0 0 2 3] ^fc. SJit»B#(;)^AmffiX^ii^-i^mffi 
30 ;6'-^P;(JD-re#^X$>oXt3> G aN^^yB y h^—y^ 
K2 0;J>51ffi6 0 0V!^±(Di^m^^t UX^fgi" 
6C<^7!j^f5. /^!7~FET 1 0;6^^^[;iJ;oX^^^;h. 

FETl 0(7)^:^»ft^fmL. 

[0 0 2 4] ?l^:fD\ :^||»^ffitCjofrt6G a N^iXH :y 
h=3f~>5^^:?t-- K2 0(1. A 1 G a Ng2 4 i:^— hm 
m2B a t (Or^. Xfi A 1 G a Ng 2 4 T y — K^ffi 

2 8b t<r)m\:i. mx.i^s i 02 xas i N^T^i^fD^^^-e 
40 1 o~2 4 nm(omm\^^^mm^mn ^ ^ tr^m^ 

[0 0 2 5] (^2 (Dmmmm) ^mmmmn. m i 

^m?F^ffi{wioft6G a N^i/a y h^'-^-<^— K2 O 
[lj5(c:^^tt6lllM<^G a N^iXa ^/ 

— K4 0 ^>^l/^fc^(DX^6o r(7)GaN^v^ 

3 h=^-^-r:r- K4 OXf±. ^«l;tfX^fe^tiX(l^$fe 
l^ti(Dih:7r-r TS^4 1 ±{C. 5 0 nm<DG a N 
y<y'7rM^ 2^^\^X^ ii:$ 2 0 0 0 nm. 5X10 

50 orti-'n&(Dm^momS.(On ^GaNjl4 3?&^a 
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^^tfCl^^o a Nii4 3_h(Cfl. ^®oO— 3^ 

^^^dh^mm^^ttil^r^^^nmG a NJi4 4^mf&^tl 

n m. dh^CO^J^XJ^M ^ i^^tl^'tl 2 0 0 0 n mRXJ^ 2 
0 0 0 nmX-fe6o ^J:^. n a Nil 4 4 (O^FM^fi 

U < fi 2 X 1 0 ' ' c m" ' !^TX-htii^X 1/ \ 
[0 0 2 6 ] ^/c. nmc aNm4 4<DW-^^(DmmR 
t^aat^Otmti. nMG a Nji4 4 J:!? t>/<V K=^^5/ 10 
:7"j:^/U^Ei— 3 0 nm^Tl^ h'—y^<DA 1 

o.2Gao.8N/l4 6(;ij:orW^^tbri/^6. r.::r\ 

n ^G aNil44^Alo.2Gao.8N@46<ir (Dl^^^ 

[0 0 2 7] ^fc. n^G a NJ14 4<7)dia50±®{^-> 
(^'^:/) mil4 8d^Jf^^$ftTl/^6o Timi^4 8^ 
nMG a Njl4 4 0. 3eV(D >3 y 20 

:/) ^Ag (il) n^G a NiiSiw^LXQ. 8e 

[0 0 2 8] i^tc^ T imi^4 8^t/A lo.iGao.sN 

g4 6<D±tc. ^2cc)r y — Kmffi^ bXOP t 

T i mi^4 8{cmM&tf{::1g^LTl.^6<?r*lC. n^Ga 
Nil 4 4 (^ifiSPt^^miJMt- A 1 0 . 2 G a 0 . 8 N® 4 6 L 30 
Ti/a 5^ h^-g^^UTl/^-So ti^oT. r^T-fl. Pt 
mm4 9 fln^G a Nil 4 4 iwil^fr 3 >;/ h S 
^LTl/^^'c^V^ L/^J^L. P tm^4 9/65nMG a Nji4 

M;tf^N i ^Pd -^Au 

(^) nSiG a Ng4 4lcMLr 0. 8eVJ:«9i^ 

[0 0 2 9] ^LT. n^G a Njl4 4 (?:»dhg|5(OJbMi;i 40 
h^-g^MLTl/>6T i m<^4 8 n^GaN 
^44 (Z)i£b^<7)j|lJM{w A 1 0 . 2 G a 0 . 8 N® 4 6 LX 
h:^-^ft4LTl/^5P tBffi4 9 IS-g-T 
y- KmiS5 0;55«^^;ftTl>5o Ptmi^4 
9. A I 0. 2 G ao. 8 Nji4 e^O^n^G a Njl4 4 
^W^in' aNm4 3(Dmmn. S i O2 

5 1 {;iJ:or^e^^^tLTi^'5o S i O2 Bi5ii;i?FM$ 
ttfc^Pg^S<Sr:^^b-C. n* S^G a NJ14 3±(r;^— ^ 5/ 
^^^•t*5Ta -S i Jl;!i^e>?'.e'5;?t7y— F^llS 2;55?F^ 
^^nXl^^o 50 
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[0 0 3 0] (k\Z. m 5 (DG a N^v^a :y h=^ — y-f;^ 

- K4 0(Dm«-mii#^4{::oi>Tl^^P>^-r5o IS'&ry 

- Kmffis 0 KliM5 2 ^ 6oPBl{;iJti;^[^/W T 

;^^PnADLfct C^. 0. 1—0. 3V€0:t>'mf±X\ 

[0 0 3 1 ] 'y^y h^-jg^LfcT i mMh n^G a 

-felCO. 3-0. 5VggT-^ 
60 v-a h^-g^fiSLfcP t®S^ nMG a N 

[0 0 3 2] Ga N^>3 >' ^-f K4 0{:i^o 

y — Kmii5 oco^-^t^T i m,m4 siT^ry— vwmt 

y^x^m^^m^^o ^coti^. :i'>mj±n. i. o~ 
1. 3vn&x^-ho. 3-0. Bvum^&^i^tfj: 

5o M{C. nMG a Nil4 4 A I0.2 G ao.8 N®4 6 

:ico27k7zmi^:ff:^^^'^^vrtfj:<^xm:fj[^miiM. 
(^±i:^(c^-^-r^o t*§or. 7i->'«iEfio. 3-0. 5 

vSi^J: 9 t>Mt-/h^< 0. 1 — 0. 3V<^:^^^ 

0-1. 5 VSSi^±l^:^.^ofcl^pgr% Tim 

1^4 8^t>*p tmi^4 9 (Dy^joi!)-T y - vmmt i.xm 

[0 0 3 3] ^7t. m-^ry- Kmffis 0 <h;^ y- Km 

h^-g^^UfcT i «#<^ n^G a t (Dm\:im:^\^ 
^<^T:^^mn\^tiWr^\zn. OVX-l 0"' 

-1 0-' AmSoi^:^rS]y->J'mS/5^^^-r5o ^/ci. 

h^-g^^LfcP tmmt nMG a Ng<h(^rB^{C 

[0 0 3 4] G a N^>3 y h=^— K4 OiCi^ 
Z^f^l^WTy^^^n^p-r-S^^ T i mil4 8 .irv^H 5/ 
— ^^Uri^^n^G a Njl4 4 coaa^t^-hffi}-^^® 

P t ®ffi4 9 ^ A lo.2 G ao.8 Ng4 6 
LTv^H y \-^-mm\^X^^hnmG a NJ14 4 (Da SIS 
cotO®(wt>^^S?5^/&/i^6o m:f7\^^<^T:^^-- I ov 

J: '9/J^^l^^j5gT-(l. G a N;i4 4 (Ddh^(Dmm\^M}^ 
nMG a NJ14 4(Oag|S(7?±®{;i?^^^tt5^^Jl 
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\z,Xh'^^m(ojKt^^<D:)jti^:k% <t^^o ^LT. Pt 

mMA 9 t nmo a Nil 4 4 (Da^t^iK'Jffi ^ (OrH^dfi. 
nMG a Nil 4 4 J: !9 yy'=^^'^^i^^-i)^:k 
#/^A lo.2Gao.8Nii4 6;65^ftUTV^'5fci?). 

[0 0 3 5] ^O^Sm. i^*f^^^-f rx?J|Sig;^^L. -1 

0 VSSl-itLfcl^Pgr-. G a N^4 4(D[£hgi5<7)p^m'J® 10 

(7?fcJ6. nMG a Nil4 4<?:>t£h^(^-b®C>^^li^il«9 
[0 0 3 6] m^cDGsi N^v-H y h^—y-f^t 

- K4 OfDMit:;^^^^^— '^Jt-oiNT. me (a) - 

(e) :S:t>'IIl7 (a) ~ (d) ^ffll^Xt^^PJt-6o it 20 

/E6. 65X1 Q-^P a(7)G a ^ ^ v^:^/Wl:: bfcii^lE 
4, 0 X 1 0"' P a (7)N^fflV>. GaN/^^^T/i42 

5 0 nmfCjS;:^^^^, iS^UT. M;tf^:»iE 
1. 3 3 X 1 0 * P a COG a t5>EE6, 6 5 X 1 0 ' P 
aCONHs 3 3 X 1 0-' P a (7) K — h <b 

UT(^S L^ffl^/^T. 5 X 1 0^' cm''gS<^r^^^^ 
SSc^n^ MG a Nji4 3^JP$ 2 0 0 0 nm{:i^:g:$ 30 

[0 0 3 7] HfCii^UT. ^iJxf^^^EE 1 . 3 3X10 
P a (DG a <!r:5}^J±6 X 1 0"' P a (DNHs <i:5i^J±2X 

1 0'' P a K— h bT<?5S i ^fflV>T. 2X1 

0 ' ' cm'' ^^(7:>\^^^m^MlM,(r> n MG a NH 4 4 ^W- 

$ 2 5 0 0 nm{::^S$^ir^o i^:7r-fra 

lS41±{r. G a N^-^5/:7rJi4 2. n* MGaNg4 

3:s:t/n^Ga Ng 4 A mm\^mm^titLmi(o^m^ 
^mf^-r^ me (a) #0S) . 

[0 0 3 8] ^Jkv^-c^ i (^^^rHl^^SK^^ft^ 40 

n^G a Njl4 4±{r S i O2 BI^Jf^^-T^o ^'cf 

4b\ cc?:)S i O2 flgtD-f-t^p ic. M;tf-fs i Ni M^A 

it»S2 Mm^t>oS i 02>^>^->^4 S^Jf^^f^ (El 6 
(b) , 

[0 0 3 9] ?^l,>-e. ^>^;*r;;^^^V^fcEC 
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2 — :x4 5 <Jr LT. nl^GaN]i44^n 

SlG a NliiM^6^{riiio/^:/^[^^U. n^GaN;i4 
4 (Z)^®(75— gfS;6^^a:S Ufciib ^ 2 0 0 0 n mcoei^^m 
iSL-tho w9LT. G a Ng4 4(7>^®(0— a^/i^ibSlSff^ 

^^{r5?mLxi>'5m2<oEt^p«w^?f^^i-6 (me (c) 

[0 04 0]*1/>T% C<7)m2 60*rBlft:^S^t;^^K?^^ 

■smwiP^izmM^^. -^UT. s i 02 ^N^-v4 5^ 

^^!|;tf^^m6. 6 5 X 1 0 ' P a<DG a <ir 
^JE2, 6 6 X 1 Q-" P a tOA 1 ^^>EE6. 65X10 

:/OA 1 0. 2 G ao. 8 NS4 6 ^n^G a NJS 4 4± 
(::iie^^:^^ii:-6o C 9 LT. n^G a Nil 4 4 O^ia 
gP<D^®^T^E[!igI5<^iRlJ®/&5A I0.2 G ao.8 N®4 6 (31 J: 
oTSS^:h.fcB3(D4'P«m^Jf^^-r6 (1^6 (d) # 

[0 0 4 1] m^x. :i(Dm3(D^mi^^mM^m.sm 

m^^h^^tiiL-ti'^. s i 02 />^-^-4 5^i^*-r 
^5ci/^T. ^3ocf^r«i^(^±Mt;is i 02 m m^"^ 

y^m^m\^^Xy<^—=^>'ifl.X. nSjG a Nji4 4<7) 

f£}jgf5cO±®:SlO?-^(D)il3720OA lo. 2 G ao. 8 Nil 4 6 (7)^ 

sp^s^s^-r^s i 02 ^^^-:/4 7^jf^jSt-6 m 

6 (e) , 

[0 0 4 2] 7k\^^x\ mx.i^p^ ^i^^.:^^:^^m^^rcKc 

R:/^X-^ci^.y^>^^&XfiR I BE&dJ: 9. SiO 
2 />^ — >'4 7 ^ LT. A lo.2Gao.8NJl4 

e^t/n^G a NM4 4 ^51^6^{Crc ^>^>5^^(^^ 

5lG a Nji4 3 (?:)^ffi^^tB^ii:6 (Ml (a) # 
BS) o ^l/^T% S i O2 — >4 S^I^^-rSo ^^^^ 

y :7 h:^:7&(CJ: t) . nMG a NB 4 4 0[£haS(7)± 

T imm4 s^mi^-r^o *fls:6^(-fi. :7;^-hyy^^^ 

>'-fS^ff^fflV^■r. n^G a N)14 4C0£jSl5O_bffi. ^ 

t>l:iA 1 0. 2 G ao. 8 Njl4 6 ^t/n' MGaN®43(7) 

^ftUfcm. nMG a NB4 4(Df£ligiS(D±®;65gttl-r€>r?fl 

-r^o nMG a NB4 4<Daia5<0±®±{CT 

T imil4 S^JF^^-T'S (13 7 (b) 

[0 0 4 3] *I/>T^ 1117 (b) {C^-rXg^l^fillC, 
y :7 [>;d-:7f:fe{r J: 19 . T i mffi4 8 ±^T>'A 1 0 . 2 G a 
0.8 Njl4 6 ±i::. P t/i^ilfi^6^{c:?fM-r5o ^ 9 L 
-C. T i «ffi4 8{cm^te{C^J^-r5i:^{C. nMGa 
NJi4 4(Ddh^(Dmm\CA I0.2 G ao.8 Ng4 6^^b 
T>^3 :y h^— j^tt-r6^2oory — K^l^^^r LT^^OP 
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(HI? (c) #BS) ^ 

[0 0 4 4] ^i>-c% p tm^4 9(Dm^RmmM. a 

lo.2 G ao.8 N®4 e^O^n^G a NS 4 4<D^mm. 

SJG a Ng4 3<D^SO— gP^^ffi^ii: 

tin' MGaN®4 3_hiC. T a - S i S^i^tR^jt^Jf^ 

^-r^o ::5LT. n* ^G a 4 3±{:i;e-— ^ 
MM-r^T a -S ig/6^^/^5;^y- Kmi^5 2^Jf^^ 
-r^ (1^7 (d) #Bej o 

[0 0 4 5] ::ooj: 5^^— iS(7)xm^^r. SSfr^-r 
G a 5^ h^->5^^;d-- K4 0^f^l^"r-5o ^ 

I35CDG a h^-y>f K4 0(Oiiit 

'^^(D{^(Dm\^-o\^^x. ms (a) — (d) ^m\^^xm. 
m-Th^ 9t'r. me (a) {z.^^j:mtmmm^^\^x. 

^yr^rmUA l_bJ;iG a N/^:y :7rli4 2^t>*n* 20 
^G a N;i4 3<lrlli{;cajlL?t^. n* MGaN^43 
_hIC. IE16 (a) OOn^G a N;i4 4 <tfWfCj*iI^{t 
X% n^G a Nii4 4 a 5 0 0 nmiC^il-r^o 

(138 (a) #RSJ , 

[0 0 4 6] ^iJ;t(^:/vX-v'C VDfiJ;iJ: !9. 

n^G a Nii4 4 a Ji{:iS i O2 fli 5 3 ^ff^^-T^. ti: 
jb\ rcos i O2 fll5 3(50f-tt:>t) (w. S i Ni 1 

>^^fetcj:«9. S i O2 ^5 3^il^6^tCai:y^^/>5^ L 30 

X. ^2 fimoymu^^^jSL-r^ ms (b) ^m) o 

[0 0 4 7] 7i:l^T\ S i O2 3^-^^^:^^ <^ LT. 

r?3P^rtOnMG a Nji4 4 a±(r. n^GaNg44 
a <Jr |W| C^m*f*X% 2 0 0 0 nm(?5nSG a Nil 

4 4 b^ilg^^S^iir^o r^LT. nMGaNli4 4 
a (!r^<0±(7)nMG a Njl4 4 b ^;^^b> 

iS^ 2 0 0 0 nmC0(£lia5?F^t^{C^tHLTl^^nMGa N 
MAA^mf^-t^ (c) #0S) o 

[0 0 4 8] ^1>T\ El 6 (d) ~ (e) ^Umi 

(a) - (d) ic^-ritxs^mn^<7)itxM^sx. m 40 

5«C^-rGa N^'>3 :y h :3r->5^>r K4 0 ^f^M^T 

5 (1^18 (d) #HS) , i^iKOi: 5{-^Jfeff^®-Cfl. G 
a — K4 0/&K nl^GaN;i4 
4(Di£}ig|5(0±DlD{Cv'3 :y h^^r-^jte-T^T imil4 St 

^(D^^(Dm\m^''^B y v^—^m-T^ p t m^^4 9 1 

[0 0 4 9]jEt-x nMG a Nji4 4C0agP6D||lM^ P 

TV K— :7'<OA 1 0.2 G ao. 8 Njl4 6 ^*-r6/ca6. n 50 
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MG a NB4 4(^Alo.2Gao.8 Ng 4 6 i: (D--^^ 
fc. P t m<^4 9 ^t^v's 5/ h=3e-g^)te{CJ:5^^ii(^ 
[0 0 5 0] t^oX. w<DG a N^v^a h^—y-<7t 

-K4o^. mtimmmm<^m:b^ii^\B]^x^^4>^y< 
y^i^^m^) (Dmmm^tLxmi^^^ztizx 

a^^ffiT^ii:. w^-^^ft^X^i=^:^^^- 
-v^Sffi?^»5pP*D-r6^'6^X$>oXt>. G a N^v^3 iy h 

^-y^ :t- K4 0^5S5i^jicofMS^^<Jr UXatg-r^ 
fc46. />!7-FET 1 0(;oS^®]f^^f;^mELX. m:^^;-^ 

[0 0 5 1] f£io. :^MMMmcOG a N^v-a h 
i?'-!':^— K4 OXfi. nMG a Nli4 4(7)aa^(50itigfl2 
0 0 0 nmi:/c^oXl^6;^i^. C (7:)1ii:*iG a a :y h 

^-y^ K4 0{C^^$^6i|#'i4{Cj:oX^^b-r 
5o ip-^s n^G a Njl4 4(Ot£b^(OJ|iIfi. ]flI::^f^m«C 

|5S!9/h^V>iS?;^r^/^-rr;^XG a Nji4 4 <Oi£lia5(DMJ 

®^^f5iS^56^^]l^ev^7i-:7t^^(CUXnSJG a N 

il 4 4 (D[£hS^o_h®(;o^^ii^ii «9 ^ii?;^f^ y -iJ' 
[00 5 2] 3 o^iSjF^ag) :^mmmmn. m2(D 

IIIS?^^tC*Dtt6G a N3^v^3 y b^—^^yt- K4 0 
COftt>t)fw. m9{Z^^n^mm<7:^G aN^.i^B y 
— ^-T:^— K4 0 A^ffll^7tt>(DXfe'6o w(OGaN^ 
v-a K4 0 AXf±. nSGaNji44 

CO^©C0 2@^iCif]bgP;65jf^^^tbXV>^o ^5CDGaN 
^^v-s ^ K4 0 ^tl:^-r'5c^. n^Ga 

Njl4 4(7:)c[bSiS(D?^;d^ Hti^^e> 2e{:i±i;tJDUXV>^o ^ 
LX. nMG a NJ14 4(D5pSgi5(;)S®^t;?2 0(Daa5 
(7)j|ij®(7)_h{w. A lo.2Gao.8Njl4 6 ^mf$.^ t^X\^'^ 
nliG a NJ14 4c7)2o(Oa^(^0_bffi_b(r, 

T imm4 B'^*-^ti^^timj^^tix\^^^o Mi-, rtt^ 

2o(DT im^l4 8±^t>*A lo.2Gao.8Njl46± 

p tmm4 9^>ifm^tixi^^. 

[0 0 5 3] t^^ox. m^T y - vmms 0 t:tj y- 

Wmmt^j:^nmG a N@4 4 a (Ddh^COm^m 

ten. m 2 (D^mmm^^m^x d him-^ {^mmm^^-r 
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^^^^ I119(7)G a N^>-3 :y K4 0 

G a NT^.i^a y V^-^-iit— K4 0 ^ [^i^<DS*«jt 

G a Nil 4 4 <oeM(r>w.t^)mss L/t55^/cttlll:^r^m?«^ 

-e ^ ^ IH] X * 1 =1 V ^ ^ [H] g§ ( C 1 1 5 ^ ^ 

[0 0 5 5] fj:^. :^mmW^m(DG a N^sV^a :y h =3e- 
:5^-r K4 0 Ai;l:^8l^r fl. nMG a Ng4 4(7)agI5 

^j:^Jj[^y<^ r :^X- nmc a Nil 4 4cD[£b^<D±©(:iJF^ 

G a Nil 4 4 codh^<Dm^mij{i'r^ :it t agp<^*i^* 

yL-r^:i t^^^'^mi^^^^o t^§o-C. n^GaN]l4 4(D 

feoT^J:i/^o j^±<^w^(l. ^Mi-r^^S. ^7. m 

TCDG a 5/ h^— i/^;^— KJcol/^T tjl^lt-C 

*>-5o 30 
[00 5 6] 4 (DUiSJP^Ii) :*:^iSff^^f:i. H 2 
^iiS7F^^{:i*5tt5Ga N^C/g > h^-^^^i-- K4 0 
<DiXt>^ii^. mi 0{^^^tl^^^(DG a N^i^3 y b 
^— ^5^^:^— K4 0 B^ffll^fc^<D-Cfe5o COGaN 
^iya y b^-y4:t-\^4 0BXn. m5(DGaN^. 
i/3 :y — K4 0{;i*D{t6A lo.x G ao.s N 

® 4 eoOfttPt) 5 0 nmcor^- K— >^(50G a N 

ms 4^*^mnhtlX\^^^, nmG aNm4 4<Ddh 

^(Dmmtp tmm4 9 t(Dm{:i. GaNii5 4/6^^ffi 

115 2 t(Dm{c^:^\^y<^T:^^mnir^m\:in. nm 

G a N/14 4Oa^(7)^iJ®(C?fM^n5^^il00/S;6*^t) 
GaNJl5 4(7)#?5EtCj;oXJ:«9:;'^^<^ce5o 
[0 0 5 7] >:cib\ mi OOGa N^^v-h :y K^—^-T 
]<4 OB(Dmm:^mn. Alo.2Gao.8N/l46^ 
?F^^-t-5f-^:b {wG a Nil 5 4 ^Jf^^t* ^.^.^i^{t(€. 
® 2(D*»^^{Cio4t^G a :y h:¥-y-^x^- 

K4 0(Dm^<hS*6lj{;i|^1^x^eyt«?>. ^(Dumn^ 
:3f~^-r:r- K4 0B;ji^ w,2<D'mMmm\^^nhG a 50 
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N^'>3 y h^''y^:t- K4 0 c^r f^m(/)S;?^Pit^* 

Nil 4 4(7:)a^coa'JDi<t P tmiBi4 9 (OPs^lwr >- K— 
>^60Ga Nils 4^^i-'5fc*!). P t ^1^4 9 <h Oi/ a 

a N^v's h^-y-r^- K4 OB^. m;^^jfta^s 
[0 0 5 8] 5 (Dmmmm) ^mmmmi-±. %2(n 

^»^^IC*Stt5G a N^^v^a h :ar-^^ K4 0 
mil d^n^n^^HM^T^G a y V 

K4 0C^ffl^/^7t^^OXfe5o >r(7)GaN 
^.v-a :y h:¥-^^:?^- K4 OCXfl. ^ 3 (D^JSff^ffi 
{C:Jo{t5G a N^v^3 :y V^—^-i^- K4 0 A^l^l^ 
nl^G a Njl4 4(7)^®(7) 2^E^l-t£b§5/^^Jf^^^tt 
Xl^-So ^tL. %4(0%mmm\z.^\^^G a^^.'-y^ y 
h^-y^^- K4 0 B <i:f^«{C. n^GaN/i44or) 
rfigRtO^iJ®^ P \.Wm4 9t<Of^\CG a NJ15 4/&5?f^^ 

^ti.xi^>6o in^. G a N^v/3 ^:^-^-r;?^— K4 

OCfl. Igl9S:t/lIl 1 0(DG a N^i/3 :y h:3e — 
— K4 0A. 4 0B^m^-a^^:>-frfc:1SjS:<^?^.^oXl/^^, 
[0 0 5 9] Ell lOGa N^v^3 y V^ — ^'< 

K 4 0 C m 3 25itJ^m 4 (ommWi^ 

:Jott-5G a N^i/a .X h^— i?^'^^— K4 O A. 4 OB 

6o J[^±(^)J: 5 (C||«^^X-fi. GaN^v-a^yh^— 
K4 0 Cd^. m3:S:T>'^4(7:»^»^^{:::Jott6 
GaN;^'>a:y h^— y^:*-— K4 0A. 40B^M^ 
^t?-ti-/c^t^<^?:?oXV^'5fci6. Cift^G a N^v-a .y 
h^-^>f K4 0 A. 4 0 B ^ ^RJ^t(OS*^tit^*' 
U. l^lttO^lttt^^^X^S. t^§oX. :iOGaN^v^ 

3 :y h=¥-^-r:^- K4 oc^. mti^t^mm(Dmti^ 

uxffii^5c<j:(cj:«9. B s xit.m 4 (Dmmmm(^m^ 
[0 0 6 0] 6 (ommnm) :^mmmmi'X. %2<n 

^*S?F^SglwjQtt5G a N^Va y V^-^^:^— K4 0 
(0{\t>^\Z,^ ID 1 2{:i7j^$n6l^l^(OG a N^v-a :y K 
^-i5^-r K4 0 D^ffll/^fcti<Z)X^b6o CcDGaN 
^'>a 5/ h^— iJ^-r^— K4 ODXfl. ia5CDGaN^ 
v^H :y — K4 0{C*S(t6A U.z G ao.s N 

ji4 6;?i^^?f^^$ttXio^-r. n^G a N® 4 4(7)aa50 
mm^^P tmffi4 9;6^ii:^tCi/a ^/ h^— S^LXV^ 

>'.f:}^. Hi 2<DG a N^v-a .y h:^'-^-^:^-— K4 
0 D60Mit*i!fefl. A lo.2Gao.8N^4 e^^F^^t^a 
Xm^^ff^-rtLf^. m2 0^«JF^S{-^5tt5G a N^i/ 
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[0 0 6 1 ] igJl^coJ: 9 {-^JSJF^ffiT*(i. GaN^>3 

[0 0 6 2] 7 (^^]te?F^^) ;*:^i&6?F^^fl. m 2 

*W^S{:::fett5G a :y h^^y-T K4 0 

(7)<-tt:>J9 {c. m 1 3^;l^$^^^«S^DG a N^v^h y V 

3^v/3 >y h^-y-i':^- K4 0 ET'fi. m 3 (DmmMm 

{Z^n^G a N^->3 :y h^— ^^-f K4 OAtmm 
{C. nMG a N;i4 4^7)^®(O2a0f{::t^l^aS;^^JfM$i^ 20 
r(/^5o ^Ac. ^etTJ^m^f^^tw^Jot-t^G a N^'>3 5/ 
h=^— y-YTh— K4 OD<hl^#{:i. n^GaNji440 

Xl^So BP*^x G a N^v^3 5/ K4 0 E 

(1. Ill9^t/l§] 1 3 COG a :y h^ — ^^^T— K 

4 OA. 4 OK^m^'B'i:>'^fcmf^tfj:oX\^^^o 
[0 0 6 3] fj::^^ m 1 3(DG a N^i^s y h^—V-f 

K4 0 Eco^3t:^&(^x HI 9 :S:t>*|lI 1 3 <7:>G a 
■i>3 :y f>^-y^:^~ K4 0 A. 4 0 U (D^^ t M:^^ . 

{cmmx^^tcisb. ^(Dmmi^^m-r^o ^±<DXoic so 
mmi^mxn. GaN^v-3 h^-y^7^— k4oe 

^3:Slt>*m6(;)^M?F^^(::*3ft6G a N^>-3 :y h 
K4 0 A. 4 OB^m^^t^-^tcmf^tfj: 
o-Cl^6fci?)> rtt^G a N^v-a 5/ h^— :^-r::?^— K 

4 OA. 4 0Bi:f^1tcDS;:^^tit^^rL. mm(D!\^^^ 
^aT-#5p ix^oT> ::<7)G a N^>3 :y h=3e— ^?'^:?^- 
-K40E^. mt}mw^m(Dmt}^m\B\^xh^^iy 

0 c^^ y'^^^m'T-) <Dmm^t\^xm^^^:it{:i 
x^. m3xnm6(ommMm(om^tmmxa^tii^ 40 

[0 0 6 4] ims commmm) ^mmmma. m 2 co 

^Jfeff^^iCiott^G a N^.v/a y h =3r— d^'-T K4 0 
(r)^tfc>IP{w. mi 4\Z7r:^tl^mm<7)G aN^^>3 >y h 

5 i CS1S6 l±.{w. SiSr>p£bgIS?f^i|^{;i^t±jL-C 
l/N-Sn^Ga N^6 2;55ff^^$ttri/^6. n^GaNg 

6 2(;:)^^i^^gSli> 2 X 1 0'' c m''^^(?5{gitS-C 
$>t). ^C0¥iagf5Oii:$fl5 0 0 nm. aSlS(Oit>iS:t>'i^ 50 
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^fi^H^'tL2 0 0 0 n m^r/2 0 0 0 nmX^^o ^£ 
nmG aNme 2(7)^^^m^n. 2x10' 'cm 

'^nm^^m-^-r^ii^^^i^^jiK. 2x10*' om '^rx 

[0 0 6 5] ^Ac. uMG aNme 2(D^^m^(DmmR 

rfdh^oommmi-x^ n^c a^me 2 h^<> ^^^^ 

^y^::^:^/U^—(D^^\,^m^ 3 0 nm(DT> h^—y^<DA 

lo.zGao.sN/le 3{^J:oTSS$:^t'Cl/^6o 
X\ nmG aNMG 2 t A \ o.iG ao.^Nme 3 t(0^ 

ti. m^\:iWimxm^m:im\^tc2^7Lm^:^:^ii>^± 

[0 0 6 6] ^fc. nMG a Ng6 2(^i£bglS(D±©(Ci/ 

3 h=3r-^«ur. mi<Dry-vmmti.xTim. 

me 4r-mf^^tix\^^ha mi^ry-vm^'k 

1 n^G a N^Stw^^LX 0. 8 e V J: fSl/^v^ 3 y h 

6 4_L:S:U^A lo.zGao.B N/16 SiidJi. ^2C0ry 
— KffiS^ LXCOP t m<^6 5;?)^Jf^^$ttXl/>'5o 

ptmfii6 5(i. T imme 4\zm^m^mm'r^t^ 

n^G a NB6 2COtOigf5(7)>fEi]MJrA lo.2 G ao.e N 
jl6 3^^LXv'3 :x g^^LXl/^5. ^2 

(Dry- Kmi^<S:/^i-w^fi. p t (rpi^^tt?^^v\ ^ii 

XJ^N i -^P d^Au^. uMG aNme 2\ZLM\^X 
0, 8 e VJ: i:)i^l>i^3 :y h=¥— r^^c^t^cox 

[0 0 6 7] ^ bX. n ^G a Nil 6 2 <0i£lja50±ffi{- 
v'3 >;/ h^— ^^UXl/^^T i m^^6 4 n^G a N 
me 2(D\^^<DmmiiZA lo.zGac.sNile 3^^LX 

>B y ^^-g^Mbx^/^6P tmfiie 5 t^'^K\^^\:im^ 

^izmm^thx. m^r y~vmme 6 ^mfi^i^xi^ 

5o Ptmi^65. A lo.2 G ao.8 Nii6 3^t>' 

n^G a Ng6 2 06-^1]®. ^t>'(;i S i CSIS 6 1 

(D^®^SS-r^ s i 02 me jr^w^f^^rixi^^o ^ 
a - s imi)^hfj:^^y- h^mme s^mf&^tix\^^ 

[0 0 6 8] 3 (-G a N^v-s y h=^ — y-Y^— 

K6 0(i. m2(Dmmj^mizm^mm(DG aN^.i^B y 
h'4 0(omm^xi'X^mm^<D'^yr^ 
rs4S4 1 coixt^viz^ mmi^(onms i cm^e i ^ 
m\f\ ^(DnMs i CSS 6 1 <Dmm^:^y'- Kmi^e 
s^mjiz\^x. mmmmt \^rzh<DX'^^>o -^ux. « 

^Itit^S^^^itcDjSl/Ml^tL. nl!GaN®6 2(Da 
a5cD±®{;iT i ®1^6 4 ;6^>'3 y h^--g^^L. 
Si^(DmiJ®{wA I0.2 G ao.8 Nile 3 ^^bXP tmil6 
5;J|Sv.3 f.^— gt^U. :ztlhT imU6 4 tP tm 

me 5 t^^hm^Ty- Kiiffie 6 /i^^p^^^rt^ 

S^6^?^c^«3t{l. ^2(DMteJf^fli{:i:^^tt'6G a N^i/3 
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[0 0 6 9] Ml 4 (DC a N^>3 :y 

K6 Ocom«-Sm4#tif-ol>T|feB^-r5. m^T 
J - KSeie 6 ^ ;^ y- Kmise 8 ^ (7)PBl{::Wi;^r6]^<>f 

0, 1-0. 3 v(7?:?i->'mj3ET% m:^\^m^^*^^M 

3 K6 0^;lol^Ta!-<7tS*i:^RImT* 

[0 0 7 0] Wi^. m \ A(r>Qa N^v'a 5/ h^—V^ 

:t—V6 0(Dm^^:^&CO—M{^^^^X. mi 5 (a) ~ 

(c) ^m\^^xmM'r^o ^-r. mmi^(Dnms \ cm 

LX«X.(^^/E6. 6 5 X 1 0-' P a (^G a <i:^/£ 
6. 6 5 X 1 0 * P a CONH3 t^JE2X 1 0 '' P a<D 20 
h^-y^l^ b tLX(DS i ^m^^X. 2X10''cm"'g 

m(^i^^^^M^(D nmc a Nile 2^m^ 2 5 0 0 n 

mlZfiZM^^^ mi 5 (a) #eS) ^ 

[0 0 7 1] ^v>-c% m2(Dmmmm^^:^iii'^me 

id) ~ (e) ^t>'ll|7 (a) - (d) JC7r:-ritX^^ 
P1t<^Xa^ff5o m-h. nMGa Ng6 2^il5^«]{C 

0 0 0 n m(D[£}ja^?fMU^ T K— ^<7) A 1 0 . 2 G a 
0.8 N^6 3 ^J?^ 3 0 nmtCil^ia^S^iir^c 
•C. n^G a N/ie 2(;:)c£b^(^)-h©(wv'3 :y h^— 30 
f 6T i m<S6 4^JI^^L. n^G a Nile 2(?5t£bla5<50 
iaiJoilCA lo.zGao.sNJie 3^^LXv'3 y h ^— ^ 
^i-^p tmi^6 5^?f^^U. ::;h>^COT 1 ai^6 4 ^ 

^i^T. s i 02 flie 7^fl^^-r5 (mis (b) # 

[0 0 7 2] ^(.>-e. nSlS i 1 (DSStC:^— 

^^M-re (1^115 (c) ^ -oj: ^/^-igcox 

M^SX. Ell 4{C:^-rGa N^>-3 :y :^-f 40 

m2commmmxms (a) - (d) ^m\^^xmM\^tc 

[0 0 7 3] ^±<DX^\zmMMmXi-±. GaN^i/a 
^/ K ^- K 6 0 <h ^MPiicDiil > 

(1^;^.. m2<7)^^Sjf^^{c*Dtt6G a :y h^- 

i^^-r K 4 0 ^ mm(Dm:^^fj:mm^^ i^^to^ 

^^Xi-t =1 [ElSS{C:fctt ^^-^ y — F E T 50 
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10 (x^ :y^>^^ii^) (Dmnm^t i.xm\^^^zt 

[00 7 4] 9 (ommwm) ^mmmmi-^. ms<D 

^mnm\z^n^G a n^^/h >y h^^^-^-r;^- k6 o 

(DiXt>V{Z. mi 6\C7jk^tl^mm(DG aN^.i^a y \^ 
K6 0 A^ffll.^fct)(DX^5e C(DGaN 
>;/ h=^~:5^-r K6 0 AXIl. |lI14(DGaN 
^>^3 h:35^-i$^-r;r- K6 Olrjott^ n^G a Nile 
2<;5i£hgRCDJS;&5H|i^.P, 2<@(cli;!lPUXi/>5o S'JcdS.,^. 
7!j^f3WX.*^. mStO^lfeff^fficOG a h^-^ 
>f K4 0 A{C:^ol^X. r TSte4 1 (D>ft^ 
tCnMS i C^^6 1 ^m^\ ^(DnmS i CSte6 1 
(7)»®{C;^y-Km«l6 S^Ji^^UX. ^M«ittL^c 

h(^x^^o 

[0 0 7 5] fj:^^ mi e(DG a N^v^a >;/ h^— i^^-f 

K6 0 A(7)Mit;^^f±. m3(Dmmmm\:^:^n^G 

mmXi-^. G a N^v-s :y h^— K6 0 Aj6^ 
m3<D^1SJf^®fC*3tt5lll^t7)GaN^v'3 h^-y 

rOG a N^i^a 5/ h^ — K6 0 A^. m;^^ 
^i^g(7:> ^miHlSSx 6 [elS&x 

T-) (7)f*^^^=-.^uxffii^5c^(cj:t:). ms(Dmmm 
[0 0 7 6] 1 0 (ommm) :^m:mmm\-±. m s 

(?5^W^S{:i:}ott'6G a N^i/a :y h^-^^-f^- K6 
O0r)<-tt>?) mi 7{C^$tt^^§iCDGaN^v'3 5/ 
h=3r— K6 0 B^ffll^T^ct^cDXfe^o ^(7)Ga 
N^v's :y h^— ^-r^— K6 0 BXfi. EI 14 COG a 
N^'>3 y h^-i$^-r^— K6 0{r4b^it^A I0.2 G a 
0 . 8 Ng 6 3 <DiXt) «9 (C. ^ 5 0 n mCOT ¥—-^(0 
G a N;i6 9i)'^m^^hthX\^^^o 

^4<D^»^fig(DGa N^v-3 V^—^-<:t— K4 0 
B{wiol>X. '^'7r^TmWL4 l<DiXf:>^\Cnm.S i C 
Sffie 1 ^ffll^. ^(Dnrns i CS1S6 1 (DS®t->?7y 
- KS1*^6 S^ffMbX. S^Mftiti: L.yht>^7)X^6o 

[0 0 7 7] H 1 7(OG a N^'>3 5/ h^— 

K 6 0 B OMjt:^^?^^ A 1 0 . 2 G a 0 . 8 Nil 6 3^ 
Mj&'r^iXt>^\ZG aNMQ 9<|:Jgj*-r6.^.^l^ftf^. 
^8(;5^1tff^«i{z:*5tt'5G a N^v^a ^ h=¥-^^;^- 

K6 0(D:^'a'^S;$:&^(c|^«X$>6fci6. 
ISg-r^o 1^±(^J: 3 (w^lfeJf^SiXfi. GaN^v'3:yh 
^^-i^^-r^^-Ke 0 3;^^. ^4c7)^J£JF^^t;i:|ott61tli 
(DG a N^v^a 5/ h:¥-^>r:5^- K4 0 B^Wmm^^ 
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>r K 6 0 B mtimi^mm<Dmti^t^\^^X'^h 

TIO (^-Y (7)f^li^^<t LXffll^'5C 

[0 0 7 8] 1 1 (ommmm) ^mmmm^. m i 

6 OBCOft^^^ (211 8{;i^$4x5^^0OG a N^v' 
^ 5^ h=3r~:5^'f K6 0C^ffll/^fct>(OT-^5o Z.<D 
G a N^'>3 5/ h^—i5^-f:4-— K6 0 CT-Jl. El 1 7 10 
G a N^ >3 h^— i5^-f K6 0 B(;i:}o«t'5nMG 
a NS6 2(Djfia(7)^;6^ 1 mt^h 2 fliClliAD LTl^6o 

(DiXt^^ i CSfee 1 ^COnmS i C 

[0 0 7 9] Ig] 1 S(DG a N^v-h :y h^ — V^ 

G a N^.v^a h =¥--^--r - K6 0 B (D^-a^ <i: 20 

^ffiff^^T-fi. Ga N3^i/3 :y h^-^^;^- K6 OC 
m5(D^»^ffi{c4=5tt6«IS(^Ga N^v^a 

Xs ::(7:>G a N^v-a 5^ h^— y-T:^— K6 0 C^. ^ 
Vy^--^{p]S§(;i:Jott5/-?r7 — FET 1 0 

[0 0 8 0] mi 2. (Dmmmm) ^mmmmi^. m s 

(ommmmit^^n^G a n^c/s ^ h^-^^:^- k6 

0(DiXiz>^{^^ mi 9\:^^^ti^mM(DG aNj^ii^B y 

N^.iy3yh^—^^^—\^eODXi'±^ mi4COGa 

y h^ — ^^:^— K6 0{C;jDtt6 A lo . z G a 
o.^NMe 3^mj^^tlX:SrSh'T. nmG aUme 2(D 

M(DG a N^v-a :y h^ — ^5^-1':^— K4 0 D{C:fcl/^X. 40 

^y7^rm^4 i(Ditt>\)\znms i CS«6 l^ffl 
^(7)n5ls i cSffie ioSM(3:;^7y— KmSie 8 

[0 0 8 1 1 ;'^:Jo. 131 9 0Ga N^v^a y h^—^^ 

K 6 0 D (DM^^Jj^a. A 1 0 . 2 G a 0 . 8 NH 6 3^ 

m6a:>mmmm\z^n^^m(7)G aN^.i^B y b^-y so 
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-^[H]5g{:i*stt^/>r7-FET 1 0 (^^'y^>'^^ 

[0 0 8 2] (^13 (Dmmmm) ^mmmmn. m i 

2(7)mmMm{:^^i^^G a N^.v-a y V^—^^^- K 
6 ODt7?f^t>!9l;i. 13 2 0{:i^$;h.6^M<^>G a N^v' 
a 5/ h^-^-f;?!-- K6 OE^fflV^fcit(^)Xfce. 
G a N^i/a y V^ — ^-i ^— K6 0 E Xfl. |gj 1 9 CO 
GaN^>a h=2f-^^:^-K6 0 D t;i:Jb^it ^ n ^G 
aNS6 2COifia5CDiS/55 HBTii^e* 2ilitCli*PLXl/>6o 

B'j(7)M.^.jo^^m;^f^> m7(DmMmm(^mi 3(;:)GaN 

S>a y h^-y>f K4 0 E(C*S1/>X. 1^:7r-rr 
Sffi4 1 (Oftt?f9 (Cn^S i CStSe 1 -^(T^n 

ms i c^;ts6 i(DS®J^^y- Kmi^6 s^ff^^u 

[0 0 8 3] /.fio. 13 2 0 (7)G a N^i^a :y b^—^^ 

K6 0 B<Dmm^m:x^ mi 2(Dmmmmi^:irsnh 

Ga N^i/a h ^— :5^-r K 6 OD 60^-8^ ^S^W 

mmmmxi-x^ g aN^>3 y h^-y-f^-h-e OE 

m7 (DmmMmi^^n^mmcoG aN^.'ya y 

— y^^— K4 OE^|lifM1S3ti-bfct(OX-^^fci6. 

mm(Dm^mm^^\^. mm(D(^i^^mm.x^ 

X. CCOG a N^v-a :y h^ — ^-r K6 0 E>^. m 

:h^mmmcomti^i^\B]mxh^^ >y<-y^mxn=^ 

m^) (D^mm^t\^xm\^^^zt{::x^. m7(Dmm 

[0 0 8 4] (mi 4 (ommmm) ^^mmmmi-x. m 2 
(Dmmmmi^^n^G a N^-^a y h^-y-(yt— k4 

0(DiX^^{^^ m2 l{Cfjk^thhm^(DG aN^.i^B y 
h^— hFET 7 0<l:ffll/^fc^iDX$>-5o -COG a 
N^v-a :y h^r-'$^— hFET7 OX(i. «?!lx.f^#®tt 

ons^s i cs*s7 i±{c. mm<D-m*^d^^mm^^ 

mUXV>5 n^G a Nil 7 275^Jf^^$ttXV^'5o n^G 
a Nii7 2 0:T^|3feJ^SgJi. 2 X 1 0^' c m"'^S(^ffi 
m^Xh^. ^<D5psa5(7)lf:$fi5 0 O nm. aSlSOOiB 
^t/iS^(i^;h.^'n2 0 0 0 nm^T>*2 0 0 0 nmX^ 
^J:^. nMG a Ng7 2(0^^i^SS(i2 X 1 0^' 
cm-'S^t;i|5S^-r5f^>^fl^^<. 2X10*' cm-'U 
TXhtli-fX\^\ ^tz. n^G a N;i7 2(Oi£]b^(7)±® 
_b{rfi. i?^ 5 0 nm. 5 X 1 0^' c m"'^;KcOf^:^j3fi 

^MSt^n* mG aNM? 3^mm^rix\^^^o 
[00 8 5] ^fc. nmG aNmr 2<D^m^<DmmR 

Xfdh^(DW]mm^rjn' ^G a NH 7 3C0jiJffifl. 
G a Nil 7 2 J: !9 i^^O yy^^^/i^^—(Di<^ 



( 13 

23 

m^3 0 nm<Dr> V—y'iDA lo. 2 G ao. s NS 7 5 {;i 

ctoTRM^ixTi^^o ::::t\ nSlG a Nil 7 2 <^ a 

lo.2Gao.8NJl7 5 t c50S^a^(i--7^ n^^^/^-T/c 

[0 0 8 6] /.eio\ m{-fAPJ-r^J:3{:i. nMGaNil 
7 2CDaa5*i. G a N^v-a 5/ h^— hFET 7 0 

w0 2*7tim^;5Sf;=^/55^-^ y r UTic^-^ 10 
-r-So SP^> — ScOg^McOHEMT (High ElectronMob 
ility Transistor ; MM^^W}^ h y ^ ) 

[0 0 8 71 ^^c. mG a 7 3 JttC. T a - S 

y-:^mM7 SG a NH 7 3 ^^UXnMG 

a Njl7 2(7)t[ha50±ffi(w;^-^ >y^g^^L-CV>6o ^ 

fc. nMG a NH 7 2(7)aaS<7)fIijffiJ-A lo.2 G ao.8 N 
jl7 5^^L-Cv^3 :y h LT l > 6 P t il;^^^/^ 

^ h=3f~y- hmfli7 7<lr/^-rW®fl. Pt{r 
Wx.{^T i.Ni.W. Ag. Pd.A 

1 ^ yi^mM-r^T a - S i K 

U^lymm? 8;5S?F^^^tLTl/^'5o 
[00 8 8] 2 1 COG a v- a :y h 

hFET 7 O(Dm^5fD-m/^#i*{::o^.^Tfj&0J-r5o nM 

G a Nil 7 2 0[{}igi5(7)jIiJffi{CJi, A 1 o . 2 G a o . a Nil 7 30 
S^^^UTv-H :x h^^-y- Kmfii7 7 ;6S?F^^ ^ ttTl^ 
'5fc*6. w(7)v^3 :y h^~<5^— h«ffi7 7{;iPfl)[jPt" 5^' 
— hmmVc Vg =0(0:^^-CfeoXt>. nUGa 
Nii7 2(Dt£bSlSOr^1liJ®{rf^^^®;ji5Jl^j5g^;fx-Ci>-6o 
::(^fcffiT% y — :^mffi7 6 Ki-'-l' >"l:l^7 8 <^c7)rBl 

St Id finMG a 7 2(7)t£!jglS(OMfRiJffi(D^^;iiCg^ 

4>muii> hm^-r^o 40 
[0 0 8 9] ^fc. hmEEVc (D:k^^^mmT^ 

r>^^<fj:ofcVy\-^ < /^o7t9 LX. 2:;^[6]7i^e)J£^5 
^-hmmVc {wJ:oXf^^^^/KD[|ii/^5^iM3$tL. 
n^G a Nil 7 2 t A 1 0.2 G ao.8 Nji7 5 

>mEVD xKu-r^^m^^iD T^^-Mm^^^iih^^mi-^j: 50 
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[0 0 9 0] ^fc. v^a :y h^-y~ hmiEi7 7 <^ 
G aNMT 2(Ddh^C0mmt<DrBVa'X. nMGaNjl7 

CO A lo.zGao.8Ng7 5 UX /h^^^ 

y-h«mVc Xt^^iitl;^^<J^?5^'6o 

hmiEVG J: 6 K u-T I d <oH«+i>^5f^± 

[0 0 9 1] El 2 1 (DG a N^iy a :y h 

h F ET 7 0(OKat:^fe(D— ^[|{;iOl^X. EI 2 2 (a) 
-(d) Rrjm2 3 (a) - (c) ^ffi^^XSfcB^-r-5o 

fs^S^fr^o BP-^. WM^:^ti.xm^^^^mi, 3 
3X10'Pa(DGa ^ 5^EE 6 . 6 5X10"*PaON 
Ha ^^>ffi2 X 1 O ' P a (7) K— /^^^ h ^ LXOS i ^ 
ffll/>X. 2 X 1 0'' cm-'5S;SOffi^Mi^«;g(7)n^G 
a NJi7 2^m^ 2 5 0 0 nm}:i^:^$-fr^o iS^ b 
X. #"iJ;tJ^:^iE 1 . 3 3 X 1 0-' P a COG a ^ 6 . 
6 5 X 1 0 ' P a (DNHs (t^^-EEl. 33X10'Pa 
<D b t LX(DS i ^m^^-'X. 5X10'' cm"' 

^^(DM1^^^MS<0 n* mG a NM 7 3 ^iP^ 5 0 n 
m{Cf^M^^^ (1112 2 (a) #BS) « 

[0 0 9 2] 7jfei.>X% W;tf^:/^X-^cvD?';fe{;iJ: t) . 

SG a Nil 7 3±{:iS i O, fll^^f^^-^^o IS^/^ 
X. F!l;t(^BHF^ffll/^fc!>:3^:y h^i/^V-^^iXfiC 
F4 ^fflV^/c K^^^^x^V-^^tCjzi^). S i O2 fli^ 

^V^XXs M;t{^*S2 /zm^tiOS i O2 
->'7 4 ^ff^^-r-^ (El 2 2 (b) #BS) , 7^V^X^ 

xf^^ ^ >'^;^f;=^^ffii^fcE CR:7'^X-eai^;/^>'>77^ 

XliR I BEfeJr J: 19. S i Ot -^^>?~->^7 4^-7^^ 
<^LXn* l^G a 7 3:S:I/n^G a NH 7 2 
m'^^y^l^^^^^'T^o ^5UX. n^GaN;i4 4 
(Dmm(D~'^^^^mi.t;iM^ 2000nm. i|il2000 

MG a NJi7 3^^#$iir-5 (El 2 2 (c) #0S) ^ 
[0 0 9 3] rj)^l/^X% Si O2 y<^ — >'7 4^-^X>> t 
Mx-J^5>JE6. 6 5 X 1 0"' P a (DG a ^5>i£2. 

66X10''Pa(7:>Al ^5i^EE6 . 65XlO''Pa(7) 

NHa ^J^*4;^;';=^<h UX. K— X(7)A lo.zGao.s 

Nji7 5^^$ 3 0 nmtC51S^i*:^$^6c C 9 UX. 

n^G a Nil 7 2 (7:)^ifigP(^^ffi:^T>*cOja5t7)^!jffi^W;i 
MGaNji7 3f7)1Ky®^A lo.2Gao.8Nii7 5{C 

J:oX«lg-r^ (E12 2 (d) #03) , 
[0 0 9 4] ^l/^X\ S i O2 — ^^7 4^^^-r 

5o ^l^^X. V y hy^ym^X^ . n MGaN^73 

(D±m±\^T a-s im^mnm^wm'r^o ^i^u 

X. n^Ga Nji4 4(D£jaSO±®fCn* l^G a Nil 7 

3^^LX:^"^ :y^^M-r6Ta-S iM^^h^Ji^y 
-:^mtl7 6 ^ff^^-r^ (El 2 3 (a) #0S) ^ 
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ffidJzt). A lo.zGao.sNJi? 5±{;i. PtS^il^ 

A 1 0 . 2 G a 0 . s 7 5 UT a ^/ h =^r— 
■r^P tm^^h^J:^i^3 y h^-y- hSfii7 7 ^?F^^ 
-r^ (1112 3 (b) #0^) , 
[0 0 9 5] ]Sfe^/^r^ n^S i C^te7 l 
^ y^j^M-r^Ta -S iJS^^h^^^ KLx^:/^^^7 8 
^JfM-r5 (1112 3 (c) #0S) , - <7)J: 5/^— 5g(DX 

E T 7 0 ^Irf-^S^-reo J^JLJkdJ: 9t:i^ife?F^^T-«i. Ga 

N^v-a >;/ h^-y- h F ET 7 0;^^ ^-Y-t>/^Hi^^ 
/c^t-nSiGa Nil 7 2 C>agPtD±®|C y — 7 6^^^ 

'lErCOagptOffifJMdv'a 5. h:¥-y- 
^m1^7 7;^i^v/3 >y h^-g^L. nMSiCg;K7 1 

:^^;V^—(DX^^^T> V — -f(DA 1 o. 2 G a o. 8 N/l 7 5 
^^"LTl/^^fciJ!). nMG a Nil 7 2 A lo. 2 G ao. 8 20 

Nil 7 st(D^y'x:im^mmm^m±'r^2^7bn'i'^ 

^f?:fAZ:tp±'9 4#'l4z:>q#^tL^o ^fc. :y h=^-'^^'~- 

[0 0 9 6] S§oT> COG a NS'>3 5/ V^—^— V 

FET70^. m;^^*fe3^et?5m;^^ift[HlKx$>6^> 

0 {y^^ yf-i^^m^) (Di^mm^ti.xm\^^^ct\:i 30 
[0 0 9 7] (^15 (Dmmmm) ^mmmmi^. m 1 

4 O^M?f^ffi{:i:J^tt5G a N^i/a -/ h ^—y— h F E 

3 y h=^-y— hFET 7 0 A^m^''tLh(DXh^o 
[0 0 9 81 COG a N^>3 h:3r— h FET 7 
OAXn. IE12 1 (DG a N^v^H :y h^ — h F ET 
7 0{;ijott6A lo.2Gao.8Nii7 5<7)<t^:>'^){-x $ 40 

5 0 nm<DT> K— r^^OG a Ng 7 9 ^nTV> 
5o EP"^. n^Ga NJi7 2 0a^O{lWi:C/3 
-^JT*- hmi^7 7 <hOPBlJ;i. G a NJi7 9;6^^^ELXV^ 

[0 0 9 91 0 2 4(DG a NS'>3 > h^--^^— 

h F E T 7 0 ACOMit;^^i(l. Alo.2Gao.8Nii75 

^?f^^-r^'f-tt?'9{::Ga Ng7 9^mf$.'r^.^.^mi- 

"hFET 7 ocom^tm^m^w]mx^^tii^. ^o 
t$tma^m'r^o ^-t(DX b \z.mMJ^^mx\-x. g a so 
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'>3 y V^-f- hFET7 0A7i^ Ml 4 (OmmMm 
i,Zj^n^G a N^v^a :y h F ET 7 0 t\^^ 

(om^mm^^i^. mm(^^^^mm.x^^:it{cm 

jEt;inSG a NJi7 2O[0ig|S(DlRmi: v-a h^- 

h®1^7 7 t(Dm^^r> K— y^(DG a NH 7 9^* 
-r^fci^. v^3 :y h^-^^— hm<^7 7 i:Ov-a :y h=¥ 

^:it^*>X^ i*§oX. COG a N3^C/3 :y h^— y 

- h F E T 7 0 A^. m;^'^1^i^go«:;^j^^^^[Hl5Sxfc 
^lpISSXfl=i i$'[HlSStC:Jo{t5^'?!7-F 

ETIO (;^-r :y^>'^mT-) Of^fS^^<^ LTfflV^6 

±oa:^^^-r 5 C ;65X^ 5o 

[ 0 1 0 0 1 (^ 1 6 (Dmmmm) ^mmmmi^. m i 

4 0^M?f^figt^:JbMt'5G a N^v^3 y h^-^^- hFB 
T 7 0<Ditt>V\^. I1I2 5fw^^tt6^MOG a N^i/ 

3 -/ h^— h FET 7 0 B^ffll/^fct)OXfe-5o C 
OG a N^>^3 > h^ — h F ET 7 0 BXfl> EI 2 
1 OG a N^v-a y h^— ^^t"— h F E T 7 OtC^Dtt^A 
1 0.2G ao.8 Nji7 5^5^^$tl.T:j3^-r. nllG a N 

117 2codh^comm\^i^B v^—^— vmM7 7i^m. 

^{Cv-a :y h=^-^MLri/^5o f^^. ll!2 50GaN 
3^>>3 h^-y- hFET7 0BOSS^3t;^ife*i. Al 
o.2Gao.8Nli7 5^JFM-r€)XS^^^S§-rtL(^. ^1 

4 0^MJf^ffit::ib^it5G a N^v-a 5/ V^—^— hFE 
T 7 0O^-&^S^«3iC|^<tX^6fcie). ^OlfeP^fi^^ 

[0 1 0 1 1 i^±OJ: 5 t-^^£?f^^X-fl. GaN^v-a 
5/ h^-^J^— hFET7 0B;ii^ ^ 1 4 O^M^ffiJ;i:j6 
(t6Ga N^v-a 5/ y— hFET7 0 ^ I^^^OS 

G a N^i/3 y h^-y- hFET 7 0 B^. Mti^^ 

'^\B\m\^isn^^<u-FFT 1 0 {y^4 yf-i^^m^) 
(DmMm^ti.xm^^^z,t{cx^. mi 4<Dmmmm 

[0102] f^i^. » 2 ~m 1 6 O^S6Jf^S|X(^. nSI 
GaNS4 4. 6 2. 7 2 Odi^Oiliifi 2 0 0 0 n m ^ 
/.f o X 0 ^ 6 C O^iJtt: L fcittCPS^ ^ tt^ O Xfl/c^ 
t/\ C0agl50i|igf±. ^^X.*^ 5 nm—l O AzmO^Hf^ 
(C^tt(^J:<. L< Jil 0 nm—S /imOlSHrt 
t:i> Mi-^^ L< 0 nm— 3 MinO$5iart{Cfe;n.J^ 

[01031 ^ fc. m 2 —m 1 6 (DnmW^mXI,^^ G a 
NmoiII-v^^^b^^«^/i^^^0^i5c:S-r6[^{:i:^^ 
y— ;^MB Eife^ffl(/^xv^^;iK '^o®^fcH;^>'.y— ;^ 

MBEifetCPI^$;h.6t>OX*l/^< , ^i|;tJ^MOCVD 

(Metal Organic Chemical Vapor Deposition ; ^Wt.^ 
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[0104] ^ /c. ^8 1 6 comi^j^^Mx^n. mm 

tifOnSS i esse 1 . 7 1 ^ffll^-C^/^'6;6^ 
SiC. Si. GaN. AIN. GaAs. G a P^^> 

fc. ^1-^3. ^ 9 1 4 O^W^^T 

G a N2 Sili: A 1 G a Njl2 4. nMGaN^4 
4 <t A I G a Nil4 6. n SG a 6 2 <h A 1 G a N 
Ji 6 3 . n MG a Nil 7 2 t A 1 G a Ng 7 5 <Dm^-^ 
*:>*{CJ:-5G a N/A 1 G a Ng^-g-^ffll^Ti/^^J&K 0^ 
;t{^ InGaN. Al InGaN. Al InGaNP. 
A 1 G a N. A 1 G a ^^(Olll'Vm^itm^mi^m't 

fc. --7^n^'a^^ffiV>-f ilSfTDA 1 G a N@0O{-^t? 
tJtC. S i ^ K— n^G a Nji^ffll/>Xt>J:V\ 

[0 10 5] (^1 Kommmm ^mmmm^^. m2 
6 (a) \^fr^^nhxo\^. m\(om:mmm\^^n^:^ 

^/^>^^^^^T'fc6^^l7~F ET 1 0 ^ LT. GaN 
^MES FET 1 0 A^.^i/\ ^(^GaN^MESFE 
T 1 0 Ate. f^lf^^i: L-CCDG a y V-^—^ 

^Y^r- K2 0 A^^P^^^ttTl^^t^t^-Cfe^o 
fi. Ga N^>MESFET1 OAOy — ;^ • VX^^l^m 
f-. Itl^COG a N^v'H h^-i$^>r K2 0 A;65g^ 

[0 10 6] ^fc. 1112 6 (b) Ci^^tt-SJ: 
tlh<DG a N^ME S FET 1 0 A:S.tJ^G a N^v'a ^/ 
h^-^-r 7i— K2 0 Afi. W\-mWLAL\Z.M1^^t\.X\^^ 
6o ^(ixf^ii-^^T'f rS1S2 1 ±(^. GaN^-^-/ 

-7rm22^ TV K~-:7'(^G a N/i 2 3 ^t/rv F—:/ 

t3C>A 1 G a Nji2 4;65j^g^caJgL-CJF^^$tLrv^5o ^ 

fc. G a Nil 2 3 <^ A 1 G a 2 4 <^ (7)-^^ ng^*f5 
{-SjgcLT. 20(^n^Ga Nli2 6;6^Ga Nji2 3± 

[0 10 7] JE{w. 2o(?^nSiG a N@ 2 6±lC-^tb-^* 

Tl/^-^o ^/c. 2oC0nMG a NJi2 6 {^j^^tbfcA 1 
GaNjl2 4±{^i/3 :y VmM2 

8 a755?l^^^ttrv^6o ^fc. y-;=<^ • ;^y- K^fflm 
m2 7 a ^r^vzmA.x^- hmm2 s a (^^^^mcoa i 

2 8 hr^M^^tix\^-^^o 

[0 10 8] ^mm^mi^. y^^^^m=^- 

(/^r7— FETIO) ^ UX<?:>G a N^ME S F E T 1 
O A^Ij?^(Df^Sim^i UTOG a N^v^a :y 

K2 0^|^-£;K±t-^^Ufct><OX*^^. * 
I1I26 (b) OG a N^ME S F E T 1 0 A^t>'G 
a N^C/H :y h ^^r- ^-T xi"- K2 0 K<Om:'^')i '^(0—m 
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(;ioi>-C. 1112 7 (a) - (d) ^fflO^-Cfj&PJ-r^o 

[0 10 9] ^-r. ^ffi.m'l*t^f-:7r^rSte2 i± 

(C. 5 nm(7)G a N/<:y:7rJi2 2. 3 0 0 0 

nin<^r>^ K— :7'(DG a Nji2 3. 3 0 n mtT^T 
K-:7'(OA 1 G a Nii2 4 <^IIII{:i^:^$^6o -3 b 

G a NS 23«hAlGaNli24.^ (O-^^ ^^^^ 
it^ffM-r^ (1112 7 (a) ^ ^^/^T^ AlGa 

Nii2 4±(;iff^^LfcS xOzm^WRm^:^^^^^^ 
f^^L. 2®B^{-r?^Pa5^*-r^ S i 02/^^5'->2 5 
10 <l:JF^^U;^cm> CtOS i Ot^'?^-V2 5^-^>^^ ^ b 
TA 1 G a NS2 4^^tJfG a N® 2 3 (D— S^^l^itwilR 
G a Nji2 3^®^Stb$^ir6 

(m 2 7 ( b ) #0S) , 

[0 1 1 0] ft\/>-C% r;n.^2®EJfC>^tH^^i:yciG a N 

® 2 3_b{;i^tL-^'tl.. 5 X 1 0'' cm-'^;^(Di^ii;g|;i 
S i ^WhVi\^fz.nm,0 a NJi2 6 ^il5^^t:i^fi^it6 
(1112 7 (c) #RBJ , rjfel/>-r% 2 0(Dn^G a 

Nil 2 6 :y^1g^-r^T a S i / Au 

^JHHittioy-;:^ • :^y- K^fflm^^2 7 a^t/Ku^ 

20 lymU2 7 h ^mf^-T^o ^fc. CtL^ 2 OCT) nSlG a 
N® 2 6 iZ^m^tltiA I G a Nil 2 4±{:ii^B y h^— 

mm-r^T i xws i XAu3g;i«3goy- hmffi2 s 

^mi:ii^A.X^— hmm2 S a 0^^#J(^A 1 G a nji 

2 4±{;iv'3 y h^-tg^-r^T i /WS i XAumm 

«it(7)Ty- K«S2 8 b^Jf^^f 6 (I1I2 7 (c) # 

m) o 

[0 1 1 1 1 :i(D X 0 ^j:—M(Dn:m^Bx . HI 2 6 

(b) {H^-TG a N^ME S FET 1 0 A^rJ^G a 
30 i^B y h^-y^^- K2 0 A;5^f5]-S«±(r*a^tt 

x\^^^G aNi^^m^mm^i'^m-r^o ^^±(DXo\:^^ 

MMlB^Xn. G a N^ME S F E T 1 0 A^O^G a N 

^s>3 y h^—y-(:^-v2 0Ar^. ^m(Dun^m^^ 
rz^m<Dj:m\:^x<yxm^mzimj$.^ti^o wh. Ga 

N^ME S F ET 1 0 A^I-^M-r^XST'. M^^^^y 
^!S^^mi:Xf£\^\ m^X. y^>i^m^tGaN^iy 

40 jtML. ^mrr^^^\^^-<x. m&^y^v(o^w.^'m 

[O 1 1 2] ^fc. G a N^'>3 h ^ — i^^-f K2 
0Aj55, f^— S1SJil3:?f^^^tLri>^G a N^ME S F 
ET 1 0 At7)f;^ff^^^ LTj^tfe-r^o ^UX. r(7)G 

50 4 (a) ~ (d) tC^ij7j^^;M6:^'&<hf5HtXfe«9. ^(O 
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[0 1 1 3] m zcom:bmi^mmcom^. MaiL/c 

G aN^. >3 y V^—^-(^— K2 0 A>^f^lcUfcG a 
N^ME S FET 1 0 AJi. IrI— 'I^Bg^Oi^^^CO P n 
«it(0:ya.-^-y^:d— K^P^^LyhS i^MOSFE 

[0 114] s^i^. y^v^^'^ 

T-tUT. I1I26 (a) . (b) \^^i^tihXo^J:G a 
N^v^3 y V^—^-i K2 0 A^P^jicU/cG a 
MESFET 1 0 A^^j'^bfc<?:C^. [^-t^tgiT^tt^* 

MOSFETfO:^'^l;ig?-<T. 1 c 

[0 115] f^^^ :^%mmmxvx. y^iy^m^ 
(^>?7 — FETIO) <!: UTG a N^ME S FET 1 O 

l\ ^il;tf^Ga N^ME SFET 1 0 A<b^2~B70 
— ^-f:^— K4 0. 4 0 A'-4 0 E(;5(prtt;&^^^fRl— S 

[0 116] (^1 8 0^M?f^^) IE! 2 

8 (a) (r^$tl.-5 J: 5) (C. Hi <D*Jte?F^fli{^*5tt5>'>° 
r7 — FET 1 0(Dftl^!9 tC. I GBT 8 O^ffll^Ttt^t^ 
T*$>6o y^:^^m^t\^X(0\GV> 
T 8 0(D3i^ ^ :=i \^^^m\^. ^mmi-t \^X<DG 40 
a N5Kv^3 iy h^-y-r ¥ 2 Of)*^^m^tlX\^^^o 

[0117] r::T^ I1I28 (b) {w^$;h.5GaN^ 
v- 3 5/ h ^-iJ^-f K 2 0 Ji. m 1 f^^»^ffit7>Iil 1 

(b) \^yv^^thhh(ot^-x^^ . ^(DW^lkXJ^t(r> 

(a) iC^LfcI GBT 8 O^t/G a N^v-a ,y h^ — 

i(Dmmmm(Dm3Xi'±m4 (a) (d) ci^ij^^n 

5lHlSSIll{C4^^l>r. /<!7'-FET 10^1 GBT8 0 50 
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^xh^4 >y<-'^\B]^Xi,'X=^:y^<-^m^(Dm^i^^ 

lo 1 1 s] }:j.±(Dx^i^^mmnmxi'^. ^^y^^:^ 
^m^xh^ I GBT 8 ocDi^mmi^t Lxffli^e>tt^ 

Ga N^'>3 y h=3e— ^>r3^'- K2 or-. 6 0 0V^^ 
^7!)^e». I GBT8 0(i/>/^< 
tii5 0 0 V ^±(DMMiE,Xf7)i^^\^i^ 10 0 Ai^±(D:k 

m^tmm. W}i'^m^(Dm?<mmxn-^-^:ymf±r-mu 

-r^m^Xh^Xh. G a N^C/a :y h =3^— ^-r^— K 

2 o^M*ism-?-<j: Lxmrn-r^m^^ i gbt 8 ot^-mm 
[0 119] :^mmmmxn. y=^^^^m^ 

h LT(^ I gbt 8 0\n% \ (rymm^m^^^-^ 

l-t 1.x (DG a y V^ — ^-^^— K2 O^U^ 

^t>-ti:fc^^{Co^/^XU^P^U7t;i^ M;tf^IGBT8 0 

a N^>3 — K4 0. 4 0A~40E. 

6 0. 6 0 A--6 0 EXfiG a N^v-3 :y h^ — h 
FET70. 70 A. 7 0 B(Di^tlf)^^m^^^t>'^^ :i 

t^-^mx^^o 

[0 12 0] 

^'^mi^coi^mm^ti.x. ^>'mf±^^-iv]^Tti& 

<. IffiT^^S 0 0 va_b<^?Sl^G a N^v^3 y h^ — ^ 
-<:t— h^Xi^G a N^FET^*^m^^htlhZ.t\ZX^. 

y^ly'^^m^(^\^:tlymJEW)Vff)-?§-^{^^m\z.f^ 

c^;55x*t-5, ^fc. mvfwmoymKWMx\^^-i:^m 

f^iimU-t^m^X^<:>X^. i^iffiOG a N^i/3 :y 

h^-^-r:^- K;6H*fi^T-<h Lx<«tg-r6/ci6. ;^-r 

MmJ^X(r>±m:MW)m'^^B\^^m\-:^^^^o 
[0 12 1] ^/c. S^^SJ^a^®om;^^^lH]SS^«fig: 

•r-SX^ y^>^m^t LX(^G a N^FET<^^(^f^ 
li*^^ \^X<DG a N^>-3 :y h^-^-T;^" K<h^^f^ 
-(7)S1S±{r*f^^;|xXl^^r irdJ: «9 . t^^5fe(^pn^ 
'&«ig(7):ya:':h~^^;7h~ K^F^j^LfcS i ^MO S F 
ET<hJtKLX. ^(D^2/:r®«^SI/h-r^C^;i»>Wag 
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[mil (a) i'X^wM(^mi<^Mmmmi^^^^^^^ y 

X(DG a :y h^ — ^^^— }'^^^-tm^mX'h 

!9. (b) fl^OG a N^v-a 5/ h=^— :^^-r 

irmmmmmxh^o 

m2] (a) ~ (d) n^ti^'timi (b) fr^^n. 

^fc:i6(7:)Xm^c50-C-fc6o 10 
[133] mi (a) . (b) {r^$tt-5^^!7 — FETS. 

m4] (a) - (d) n^tl^^timi (a) . (b) 

-So 

[HIS] EISOG a N^^v^a 2/ h^-i5^^:d-- K(7)Mit 

[1^9] ^mm(Dms(DmMMmA^^>^mm(DG a^Wi 
imio] y^mm(Dm4(Dmmmm\^^>^mm(DG aN 30 
mil] ^mm<7:^m5(Dmmmm{:^^^^mm(DG aN 
[jui 2] ^^m(Dm6(Dmmmm\^^^^mm(DGaN 

[mi 3] *^0>^(7)^7(D^5SJf^^iC^^.6^g^(7)G a N 

[1314] ^^m(oms<Dmmmmi^m^mm(DGaN 

[mis] m 1 4 (DG a N^v^a :y h=^ — K^O 40 
[mi 6] ;$:^P^(D^9co^J6ff^^{r>^5^M^7)G a N 

[mi 7] :^mm(Dmi o<Dmmmm\^^^^mm(DG a 

[m 1 8 ] ^^m(r)m 1 1 (7)^5S?F^^t^^^6|ilM(DG a 

[mi 9] :^mm<omi 2(Dmmmm\^^^^mm<oG a 
[m 2 0 ] :^mm(Dm 1 3 cD^^^sstw^^^i^MoG a 50 
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N^v-a h^-^-r K<^:^-rm»&^®m-es^5o 
[m2i] ^mm<omi 4<o^Mmmi^^^^mm(DG a 

[m22] m21(7)Ga N^v-a :y h^ — ^— hPET 

1) xh^o 

[m23l m2 ICOG a N^v-a ^y h^ — ^— h F ET 

2) X^^o 

[m2 4i ^mm(Dmi 5(DmMmm\^^>^mm(DGa 

[m 2 5 1 ^mm(o% 1 e o^jg?F^ffi{::#5igfM«oG a 
N^'>a ^y v^-y- vF-ET^TT^-rwMmmmxh 

[m26] (a) \^:^^m(Dmi7 (Dnmmm^^^^:^ 

4 y^^y^^M^h LTtDG a N^ME S FET^r/^(7) 
f^li^^^ V.X(DG a N^v^a y h^— ^-f Y^rf^ 
-riHl^mX*fel9> (b) fi^CQG a N^i/a >y h=3e.— ^ 
-Y:^" Y^yhMX^X^^^G a N^ME S FET^Tj^-riS 

[m2 7] (a) — (d) f±^tt^*ttm2 6 (b) 
$n5G a N^v-a 5/ h=^— ^-f;*-- K^^P^lS UTl^-S 
G a N^ME SFET<DKig:^^fe^|5^0^-r5^c26cOXg 

p^®mT*>-6o 

[m28] (a) \^if^w^^<ow.i^(onim^m\^%^y- 

4 y^l^-^^m^t \^X(0 I GBTl^rj^<D{^mM^t U 
r^OG a N^v-a h^-^V K^^-THS^m-C^ 
19 s (b) (1-^cDG a N^v-a 5^ 

-rmiB&Ksm-cfc^o 
[^f-^tDu^p^] 

10 ;^-r :y^>'^^^^ UT^O/^'y — F ET 

1 OA ;^^^f^>^^m^^L-rt7)GaN^MESF 
ET 

2 0. 2 0A. 4 0. 4 0A~40E. 6 0. 6 0 A-- 
6 OE f*^^^^ b-C<DG a N^v^a ^y h^—^-^ 
:^-Y 

2 1.41 %m.^^\^m^m^<D'^yr^rmWi 

2 2. 4 2 G a ^^^y^rM 

2 3. 5 4. 6 9. 7 9 T K— y^<?5G a Nil 

2 4 TV K~-:7^(7)A 1 G a NH 

2 6. 4 4. 7 2 nMG a Nil 

2 7. 5 2 :^y- Kttl^ 

2 7a y-;^ • ti K^^mi^ 

2 7 b . 7 8 KU^ VBI^ 

28.28b ry — K^l^ 

2 8a hmfia 

3 0 mf^^^mm. 

3 1 z^jjKSSi 
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3 2 SSclHlK 

34 DC- AC^ ^08^ 

34a. 34b. 34d DC-DC=iW> — ^ 

4 3. 7 3 n* mC a Nil 

4 6. 6 3. 7 5 T>'K'->^<JOA lo.zGao.sN 



4 8 

4 9 

5 0 

6 1 



m 1 cor y— Kms<b UT(7)T i 
mm^<o nms i csir 



34 



6 2 n^G a NS 

6 4 mi (Dry - I'M^t i^xcoT i 

6 5 m2(DT K®1^^ LXcOP t ®S 

6 6 IS-g^r/- Kmiii 

6 8 y— K®fiB 

7 0. 7 OA. 7 OB i^mBl'tLX(DG aNT^i^ 
3 5/ hFET 

7 1 #mtic7)n§iS i CStS 

7 6 y— 

10 7 7 :y h^-y— hmi^ 

8 0 ;^>r ^'^^/^^^it LTt^ I GBT 



(a) 



6 

(b) 



27 



28 



24 
—23 



GaN/^V7rJ§ 



—21 



[139] 




40A: «ai3tt^iLt«)GaN*'>ayHf— ^'f:e^K 



[02] 



(a) 



7V^-7•<DAlGaNQ 



-24 

-23 
-22 



ryK"7*<Z>GaNS 



^^^^V^— 25 
24 



(b) 



-23 
-22 

-21 



26- 



(c) 



n^GaNJl 



24 



-23 
-22 

-21 



26- 



(d) 



27:*y-Kmte 



^24 
-23 



-21 




40C: «tgi^tL-CroGaN3R'>^yl<fle— y-<:a--K 
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[1^4] 



[1^5] 



^ 34a: DC-DC 




(b) E 



10:X>{5'fy/*^i:L-C«^/^•7-PET 

34b:DC-DC 



C>-r»'P-FET:10 \ 34c:DC-DC 




Li Di 



D2 



7102 



T 
1 



10 12 



<d)B 



Li ^» 



I 



1 



T 
1 



.34d:DC-DC 




40: «:a3jJ^<i:Ur<DGaN^5/&yMF'-^<'>f;*— K 

41: 1^:?r'<rs« 
42: GaN^<y:7rJH 
43: n*MGflNil 
44: n^GaNS 

46: TVK— :r(^)A]»jGa«Njg 

48: ^10r/^K«fti:tX<DTim« 

49: m2<r>r/-ymmtL,x<optmm 
62: *y-Km« 



II 0] 




40B: fiiailR^i:U-C«>G«N5!^5^yl^-^>f3a— K 
54: r>K— ^'^OGbNJB 
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[012] 

_50_ 
■48 49' 



51 



^^62 62 
43 



'42 
'41 




40D: »a6*^-tUTcOGaN5R'>ayH^--y-<:i— K 



40E: '»«*^i:Ur«)GaN3Rv^!7h=¥— K 




[mi?] 

66 



60B 



64 65 



69- 





69 
62 



67 



61 



60A: «ai5»^i:L-C<r>GaN5Ri^yh^-i^^-<;^— K »3l^^tUT05GaN^i^3yh^-^^;r-K 

69: rvK—troJGaNS 
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14] 



15] 



67. 



63 




'64 65' 



60 




63 
62 



67 



-61 

60: ^li3f{^ibT©GaNli^ V9yH¥-^^-f K 
61: n^SiCSIK 
62: nSlGaNg 

63: r>'K^>^©Al«Ga«Nl» 
64: S^KDTy-Km^fcU-CCOTimiB 
65: |fir2COry~Km66tU-C<35Pt^ 
66: ^fi-g^ry-KSS 

68: *y-Km« 



II 8] 



(a) 



62 
61 



66 



'64 65' 



'61 



66 



64 65 



■61 




60C: «»«^^UT<?XrtN5Rv^yh^^^^:«— K 
II1I2 0] 



'61 
68 



67 



[mi 9] 

66 



64 65 



60D 




62 ^6 7 



'61 



60D: »aillH=-i:L'rOGaN5Sl>^yh*^-f:r-K 




[132 5] 




72 

'71 
78 



77 



llg|2 1 1 
76 



^^73 ^ 

^^^^^ \ i ^ss\ssss<W 



L 



70: ^fi|3j5^fcUT(^GaN^->'35^h^— hFET 

71:nMSiC^ 

72: n^GaN€ 

73: n* ^CaN^ 

75: r:^K— :7^WAl«GaaJ^JS 

76: y— ^mffi 

77: S^aj/h^— 
78: KW>«fli 



'75 

' 72 

71 
78 



rOB: 4ft«*^fcUr(DGaN3S5->9yM^^-KFET 
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12 2] 



[1112 3] 



(a) 



(b> 



(c) 



<d) 



75 



^74 



-74 
§-73 



-73 
72 

'71 



-73 
72 

'71 



72 



■4- 



71 



74 

-73 



75 



72 
71 



(b) 



75 



(b) 77 
75 



75 



76 



-73 



75 



72 

'71 



76 



-73 77 



^^^ 1 |isSSsW-75 



72 
71 



76 



<c) 77 F ?^^^ 73 77 



72 
71 



[1112 6] 



77 



4] 



76 



/ 



70A 



^ 77 



79: rxK-^::^<OGaNJi 



79 
72 

-71 

78 



(a) 



(DGaN^MBSFBT:10A 




flb) 



27a:y*-X-;frV-K i 24:ryK-7"<?>AlGaN^ 
26 i ^mffi / i 27b:*y-rM 



±±iiSiCiiNJ§K-26 



GaN/^V7r)§ 



-23 
-22 

-21 



20A:;i^j?f>^*5R-=Fi:LT<O 
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(c) 



[!i!2 7] 



2S:SiOs/^"d'-y 
-24 



AIGaNig 

-23 
-22 

-21 



-23 
-22 

-21 



24 26 

4=1—^ 
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